Systematic analyses of regulatory variants in DNase I hypersensitive sites identified two novel lung cancer susceptibility loci by Dai J et al.
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6\VWHPDWLFDQDO\VHVRIUHJXODWRU\YDULDQWVLQ'1DVH,K\SHUVHQVLWLYHVLWHVLGHQWLILHGWZR
QRYHOOXQJFDQFHUVXVFHSWLELOLW\ORFL 
 
-XQFKHQJ'DL=KLKXD/L&KULVWRSKHU,$PRV5D\MHDQ-+XQJ$GRQLQD7DUGRQ
$QJHOLQH$QGUHZ&KX&KHQ'DYLG&&KULVWLDQL'HPHWULRV$OEDQHV(ULN+)0YDQ
GHU+HLMGHQ(ULF'XHOO*DGL5HQQHUW-DPHV'0FND\-LDQ0LQ<XDQ-RKQ.
)LHOG-RQDV0DQMHU.MHOO*UDQNYLVW/RLF/H0DUFKDQG0'DZQ7HDUH0DWWKHZ
%6FKDEDWK0HOLQGD&$OGULFK0LQJ6RXQG7VDR3KLOLS/D]DUXV6WHSKHQ/DP
6WLJ(%RMHVHQ6XVDQQH$UQROG;LIHQJ:X $DJH+DXJHQ9ODGLPLU-DQRXW
0LNDHO-RKDQVVRQ<RQDWKDQ%UKDQH$QD)HUQDQGH]6RPRDQR/DPEHUWXV$.LHPHQH\
0LFKDHO'DYLHV6KDQEHK=LHQROGGLQ\=KLELQ+X+RQJELQJ6KHQ* 
 
'HSDUWPHQWRI(SLGHPLRORJ\&HQWHUIRU*OREDO+HDOWK,QWHUQDWLRQDO-RLQW5HVHDUFK&HQWHU
6FKRRORI3XEOLF+HDOWK1DQMLQJ0HGLFDO8QLYHUVLW\1DQMLQJ-LDQJVX&KLQD 
 -LDQJVX .H\ /DE RI &DQFHU %LRPDUNHUV 3UHYHQWLRQ DQG7UHDWPHQW -LDQJVX &ROODERUDWLYH
,QQRYDWLRQ &HQWHU RI &DQFHU 3HUVRQDOL]HG 0HGLFLQH 1DQMLQJ 0HGLFDO 8QLYHUVLW\ 1DQMLQJ
&KLQD  
'HSDUWPHQWRI7KRUDFLF6XUJHU\7KH)LUVW$IILOLDWHG+RVSLWDORI1DQMLQJ0HGLFDO8QLYHUVLW\
1DQMLQJ&KLQD 
&RPPXQLW\DQG)DPLO\0HGLFLQH*HLVHO6FKRRORI0HGLFLQH'DUWPRXWK&ROOHJH+DQRYHU
1HZ+DPSVKLUH8QLWHG6WDWHVRI$PHULFD 
/XQHQIHOG7DQHQEDXP5HVHDUFK ,QVWLWXWH6LQDL+HDOWK6\VWHP'LYLVLRQRI(SLGHPLRORJ\
'DOOD/DQD6FKRRORI3XEOLF+HDOWK8QLYHUVLW\RI7RURQWR7RURQWR2QWDULR&DQDGD 
,823$8QLYHUVLW\RI2YLHGRDQG&,%(5(632YLHGR6SDLQ 
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1RUULV&RWWRQ&DQFHU&HQWHU+DQRYHU1HZ+DPSVKLUH8QLWHG6WDWHVRI$PHULFD 
)UHG+XWFKLQVRQ&DQFHU5HVHDUFK&HQWHU6HDWWOH:DVKLQJWRQ8QLWHG6WDWHVRI$PHULFD 
'HSDUWPHQWRI(QYLURQPHQWDO+HDOWKDQG(SLGHPLRORJ\+DUYDUG7+&KDQ6FKRRORI3XEOLF
+HDOWK%RVWRQ0DVVDFKXVHWWV8QLWHG6WDWHVRI$PHULFD 
1DWLRQDO&DQFHU,QVWLWXWH%HWKHVGD8QLWHG6WDWHVRI$PHULFD 
5DGERXG8QLYHUVLW\0HGLFDO&HQWHU1LMPHJHQ1HWKHUODQGV 
&DWDODQ,QVWLWXWHRI2QFRORJ\,&2%DUFHORQD6SDLQ 
&DUPHO0HGLFDO&HQWHU+DLID,VUDHO 
,QWHUQDWLRQDO$JHQF\IRU5HVHDUFKRQ&DQFHU,$5&/\RQ)UDQFH 
8QLYHUVLW\RI3LWWVEXUJK&DQFHU,QVWLWXWH3LWWVEXUJK3HQQV\OYDQLD8QLWHG6WDWHVRI$PHULFD 
5R\&DVWOH/XQJ&DQFHU5HVHDUFK3URJUDPPH'HSDUWPHQWRI0ROHFXODU	&OLQLFDO&DQFHU
0HGLFLQH8QLYHUVLW\RI/LYHUSRRO7KH:LOOLDP'XQFDQ%XLOGLQJ/LYHUSRRO/7;8. 
'HSDUWPHQWRIVXUJHU\8QLWIRUEUHDVWVXUJHU\/XQG8QLYHUVLW\0DOP|6NnQH8QLYHUVLW\
+RVSLWDO0DOP|0DOP|6ZHGHQ 
'HSDUWPHQWRI0HGLFDO%LRVFLHQFHV8PHn8QLYHUVLW\8PHn6ZHGHQ 
8QLYHUVLW\RI+DZDLL&DQFHU&HQWHU+RQROXOX+DZDL
,8QLWHG6WDWHVRI$PHULFD 
8QLYHUVLW\RI6KHIILHOG6KHIILHOG6RXWK<RUNVKLUH8QLWHG.LQJGRP 
'HSDUWPHQWRI&DQFHU(SLGHPLRORJ\+/HH0RIILWW&DQFHU&HQWHUDQG5HVHDUFK,QVWLWXWH
7DPSD)ORULGD8QLWHG6WDWHVRI$PHULFD 
'HSDUWPHQWRI7KRUDFLF6XUJHU\'LYLVLRQRI(SLGHPLRORJ\9DQGHUELOW8QLYHUVLW\0HGLFDO
&HQWHU1DVKYLOOH7HQQHVVHH8QLWHG6WDWHVRI$PHULFD 
3ULQFHVV0DUJDUHW&DQFHU&HQWHU7RURQWR2QWDULR&DQDGD 
&ROOHJHRI3KDUPDF\:DVKLQJWRQ6WDWH8QLYHUVLW\6SRNDQH:$86$ 
%ULWLVK&ROXPELD&DQFHU$JHQF\9DQFRXYHU%ULWLVK&ROXPELD&DQDGD 
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 &RSHQKDJHQ *HQHUDO 3RSXODWLRQ 6WXG\ +HUOHY DQG *HQWRIWH +RVSLWDO &RSHQKDJHQ
'HQPDUN 
'HSDUWPHQWRI&OLQLFDO%LRFKHPLVWU\+HUOHYDQG*HQWRIWH+RVSLWDO&RSHQKDJHQ8QLYHUVLW\
+RVSLWDO&RSHQKDJHQ'HQPDUN 
)DFXOW\RI+HDOWKDQG0HGLFDO6FLHQFHV8QLYHUVLW\RI&RSHQKDJHQ&RSHQKDJHQ'HQPDUN 
0DUNH\&DQFHU&HQWHU/H[LQJWRQ.HQWXFN\8QLWHG6WDWHVRI$PHULFD 
7KH 8QLYHUVLW\ RI7H[DV 0'$QGHUVRQ &DQFHU &HQWHU7H[DV +RXVWRQ 8QLWHG 6WDWHV RI
$PHULFD 
 'HSDUWPHQW RI &KHPLFDO DQG %LRORJLFDO :RUN (QYLURQPHQW 1DWLRQDO ,QVWLWXWH RI
2FFXSDWLRQDO+HDOWK67$0,2VOR1RUZD\ 
)DFXOW\RI+HDOWK6FLHQFHV3DODFN\8QLYHUVLW\2ORPRXF&]HFK5HSXEOLF 
'HSDUWPHQWRI5DGLDWLRQ6FLHQFHV8PHn8QLYHUVLW\8PHn6ZHGHQ 
7KHVHDXWKRUVFRQWULEXWHGHTXDOO\WRWKLVZRUN 
* &RUUHVSRQGHQFHWR+RQJELQJ6KHQ'HSDUWPHQWRI(SLGHPLRORJ\6FKRRORI3XEOLF+HDOWK
1DQMLQJ 0HGLFDO 8QLYHUVLW\ 1DQMLQJ  &KLQD 7HOID[  (PDLO
KEVKHQ#QMPXHGXFQ 
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.H\ZRUGVOXQJFDQFHU'+6UHJLRQH47/DQDO\VLVWUDQVFULSWLRQIDFWRUVELQGLQJVLWHV.(**
SDWKZD\V 
 
$EEUHYLDWLRQV 
$'DGHQRFDUFLQRPD'+6'1DVH,K\SHUVHQVLWLYHVLWHVH47/H[SUHVVLRQTXDQWLWDWLYHWUDLW
ORFL*7([*HQRW\SH7LVVXH([SUHVVLRQSURMHFW*:$6JHQRPHZLGH DVVRFLDWLRQ VWXGLHV
+:(+DUG\:HLQEHUJHTXLOLEULXP ,%' ,GHQWLW\%\'HVFHQW/' OLQNDJHGLVHTXLOLEULXP
0$) PLQRU DOOHOH IUHTXHQFLHV 6&& VTXDPRXV FHOO FDUFLQRPD 6.$7 VHTXHQWLDO NHUQHO
DVVRFLDWLRQWHVW613VLQJOHQXFOHRWLGHSRO\PRUSKLVP619VLQJOHQXFOHRWLGHYDULDQW7)%6
WUDQVFULSWLRQIDFWRUELQGLQJVLWHV 
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$EVWUDFW 
'1DVH ,K\SHUVHQVLWLYH VLWHV '+6DUH DEXQGDQW LQ UHJXODWRU\ HOHPHQWV VXFKDVSURPRWHU
HQKDQFHU DQG WUDQVFULSWLRQ IDFWRU ELQGLQJ VLWHV 0DQ\ VWXGLHV KDYH UHYHDOHG WKDW GLVHDVH
DVVRFLDWHGYDULDQWVZHUH FRQFHQWUDWHG LQ'+6 UHODWHG UHJLRQV+RZHYHU OLPLWHG VWXGLHV DUH
DYDLODEOHRQWKHUROHVRI'+6UHODWHGYDULDQWVLQOXQJFDQFHU,QWKHFXUUHQWVWXG\ZHSHUIRUPHG
DODUJHVFDOHFDVHFRQWUROVWXG\ZLWKOXQJFDQFHUFDVHVDQGFRQWUROVWRHYDOXDWH
WKHDVVRFLDWLRQVEHWZHHQUHJXODWRU\JHQHWLFYDULDQWVLQ'+6DQGOXQJFDQFHUVXVFHSWLELOLW\7KH
H47/ H[SUHVVLRQ TXDQWLWDWLYH WUDLW ORFL DQDO\VLV DQG SDWKZD\ HQULFKPHQW DQDO\VLV ZHUH
SHUIRUPHG WR LGHQWLI\ WKH SRVVLEOH WDUJHW JHQHV DQG SDWKZD\V$GGLWLRQDOO\ ZH SHUIRUPHG
PRWLIEDVHGDQDO\VLVWRH[SORUHWKHOXQJFDQFHUUHODWHGPRWLIVXVLQJVHTXHQFHNHUQHODVVRFLDWLRQ
WHVW6.$77ZRQRYHOYDULDQWVUVLQT&!725 &,3
 îDQGUVLQS7!&25 &,3 î
VKRZHGVLJQLILFDQWDVVRFLDWLRQZLWKOXQJFDQFHUULVN7KHH47/DQDO\VLVVXJJHVWHGWKDWWKHVH
WZR613VPLJKWUHJXODWHWKHH[SUHVVLRQRI05*%3DQG6/&$UHVSHFWLYHO\:KDW¶VPRUH
WKHH[SUHVVLRQRIERWK05*%3DQG6/&$ZHUHDEHUUDQWO\HOHYDWHGLQOXQJWXPRUWLVVXHV
7KHPRWLIEDVHGDQDO\VLVLGHQWLILHGPRWLIVUHODWHGWRWKHULVNRIOXQJFDQFHU3î
2XUILQGLQJVVXJJHVWHGWKDWYDULDQWVLQ'+6PLJKWPRGLI\OXQJFDQFHUVXVFHSWLELOLW\WKURXJK
UHJXODWLQJWKHH[SUHVVLRQRIVXUURXQGLQJJHQHV7KLVVWXG\SURYLGHGXVDGHHSHULQVLJKWLQWRWKH
UROHVRI'+6UHODWHGJHQHWLFYDULDQWVIRUOXQJFDQFHU 
6 
 
,QWURGXFWLRQ 
/XQJ FDQFHU LV WKH PRVW IUHTXHQWO\ GLDJQRVHG FDQFHU DQG WKH OHDGLQJ FDXVH RI FDQFHU
UHODWHGGHDWKZRUOGZLGH,WZDVHVWLPDWHGWKDWWKHUHZHUHDERXWPLOOLRQQHZFDVHV
RIWKHWRWDOFDQFHUFDVHVDQGPLOOLRQGHDWKVRIWKHWRWDOFDQFHUGHDWKVZRUOGZLGH
LQ  ,Q(XURSHDQDQG1RUWK$PHULFDQ UHJLRQV OXQJFDQFHUZDV WKH WKLUGGLDJQRVHG
FDQFHUEXWWKHOHDGLQJFDXVHRIFDQFHUUHODWHGGHDWKEDVHGRQ*/2%2&$11XPHURXV
VWXGLHVKDYHVKRZQWKDWERWKHQYLURQPHQWDODQGJHQHWLFULVNIDFWRUVFRQWULEXWHGWRWKHSURFHVV
RIFDUFLQRJHQHVLV 
6LQFH WKH ILUVW JHQRPHZLGH DVVRFLDWLRQ VWXG\ *:$6 RI OXQJ FDQFHU ZDV SHUIRUPHG
DERXWWHQ\HDUVDJROXQJFDQFHUVXVFHSWLELOLW\ORFLKDYHEHHQLGHQWLILHG0RVWRIWKHVH
ORFLDUHORFDWHGLQQRQFRGLQJUHJLRQVVXJJHVWLQJWKDWJHQHWLFYDULDQWVLQQRQFRGLQJUHJLRQV
PD\SOD\YLWDOUROHVLQWKHGHYHORSPHQWDQGSURJUHVVRIOXQJFDQFHU'1DVH,±K\SHUVHQVLWLYH
VLWHV '+6 ZKLFK DUH LPSRUWDQW FRPSRQHQWV LQ WKH QRQFRGLQJ UHJLRQV DUH DEXQGDQW LQ
UHJXODWRU\HOHPHQWVLQFOXGLQJSURPRWHUHQKDQFHUDQGWUDQVFULSWLRQIDFWRUELQGLQJVLWHV
3UHYLRXVVWXGLHVKDYHKLJKOLJKWHGWKDWFRPPRQYDULDQWVDVVRFLDWHGZLWKGLYHUVHKXPDQGLVHDVHV
DQGSKHQRW\SLF WUDLWVZHUHFRQFHQWUDWHG LQ UHJXODWRU\'1$PDUNHGE\'+6:KDW¶V
PRUHSRUWLRQRIWKHJHQHWLFYDULDQWVLQ'+6FRXOGPRGLI\WKHDIILQLW\RI'1$WUDQVFULSWLRQ
IDFWRU ELQGLQJ DQG UHJXODWH WKH H[SUHVVLRQ RI WDUJHW JHQHV  0RUHRYHU VHYHUDO VWXGLHV
LQGLFDWHGWKDWWUDLWDVVRFLDWHGVLQJOHQXFOHRWLGHSRO\PRUSKLVPV613VZHUHPRUHOLNHO\WREH
H[SUHVVLRQ TXDQWLWDWLYH WUDLW ORFL H47/ $OO WKHVH ILQGLQJV VXJJHVWHG WKDW YDULDQWV
HVSHFLDOO\WKHUHJXODWRU\YDULDQWVLQ'+6SOD\HGYLWDOUROHVLQGLVHDVHVXVFHSWLELOLW\+RZHYHU
OLPLWHGVWXGLHVDUHDYDLODEOHWKDWHYDOXDWHGWKHDVVRFLDWLRQVEHWZHHQYDULDQWVRI'+6DQGOXQJ
FDQFHUVXVFHSWLELOLW\ 
5HFHQWO\0DXUDQR07HWDO LGHQWLILHGVLQJOHQXFOHRWLGHYDULDQWV 619V WKDW
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ZHUHOLNHO\WRDIIHFWWUDQVFULSWLRQRFFXSDQF\E\XVLQJ'1DVHVHTGDWDIURPLQGLYLGXDOVDQG
FHOOW\SHV7KHVHILQGLQJVSURYLGHGXVDQXQSUHFHGHQWHGRSSRUWXQLW\WRV\VWHPDWLFDOO\
HVWLPDWHWKHDVVRFLDWLRQVEHWZHHQUHJXODWRU\YDULDQWVLQ'+6DQGOXQJFDQFHUULVN+LJKOLJKWLQJ
WKHVHEDVHVZHK\SRWKHVL]HGWKDWUHJXODWRU\YDULDQWVLQ'+6FRXOGFRQWULEXWHWROXQJFDQFHU
ULVN E\ UHJXODWLQJ JHQH H[SUHVVLRQ WKURXJK GLVWXUELQJ WKH ELQGLQJ RI VSHFLILF WUDQVFULSWLRQ
IDFWRUV  
$ODUJHVFDOHFDVHFRQWUROVWXG\ZDVSHUIRUPHGZLWKDWRWDORIOXQJFDQFHUFDVHV
DQG  FRQWUROV 5HJXODWRU\ YDULDQWV LQ '+6 ZHUH V\VWHPDWLFDOO\ VFUHHQHG DQG WKH
DVVRFLDWLRQVEHWZHHQJHQHWLFYDULDQWVDQGOXQJFDQFHUULVNZHUHIXUWKHUHYDOXDWHGXVLQJORJLVWLF
UHJUHVVLRQDQDO\VLV)XUWKHUPRUHZHFRQGXFWHGH47/DQDO\VLVWRH[SORUHWKHSRWHQWLDOWDUJHW
JHQHVDQGXQGHUO\LQJELRORJLFDOPHFKDQLVPVEH\RQGWKHDVVRFLDWLRQVEHWZHHQRXULGHQWLILHG
YDULDQWVDQGOXQJFDQFHUULVN2XUVWXG\ZLOOSURYLGHDGHHSHULQVLJKWLQWRWKHUROHVRI'+6
UHODWHGJHQHWLFYDULDQWVLQOXQJFDQFHU 
 
0DWHULDOVDQG0HWKRGV 
6WXG\VXEMHFWV 
 7KLVVWXG\ZDVSHUIRUPHGEDVHGRQWZR(XURSHDQGHVFHQWGDWDVHWV2QFR$UUD\GDWDVHW
 IRU VFUHHQLQJ VWDJH DQG '&(* /XQJ &DQFHU 6WXG\  IRU YDOLGDWLRQ VWDJH 7KH
2QFR$UUD\ GDWDVHW ZDV DSSOLHG IURP WKH GE*DS SKVYS  VXEMHFWV ZLWK
LPSXWHG JHQRW\SH LQIRUPDWLRQ ZHUH LQFOXGHG  6DPSOHV VDWLVILHG DQ\ RI WKH IROORZLQJ
FULWHULDZHUHUHPRYHG&DOOUDWH6KDUHG,GHQWLW\%\'HVFHQW,%'!
*HQGHU LQFRQVLVWHQF\$V D UHVXOW  FDVHV DQG  FRQWUROV ZHUH UHWDLQHG LQ WKH
VFUHHQLQJVWDJH)RUWKHVDPSOHVRIWKHYDOLGDWLRQVWDJHWKHGDWDRI'&(*/XQJ&DQFHU6WXG\
ZDV GRZQORDGHG IURP GE*DS SKVYS ZKLFK LQLWLDOO\ LQFOXGHG  FDVHV DQG
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FRQWUROVFRQVLVWLQJRIWKUHHFRKRUWVWXGLHVWKH$OSKD7RFRSKHURO%HWD&DURWHQH&DQFHU
3UHYHQWLRQ6WXG\$7%&WKH3URVWDWH/XQJ&RORQ2YDU\6FUHHQLQJ7ULDO3/&2DQGWKH
&DQFHU3UHYHQWLRQ6WXG\,,1XWULWLRQ&RKRUW&36,,:HIXUWKHUHOLPLQDWHGWKHRYHUODSSLQJ
LQGLYLGXDOVEHWZHHQWKH2QFR$UUD\GDWDVHWDQG'&(*/XQJ&DQFHU6WXG\,%'! $V
VKRZQLQ)LJXUH6WKHVDPH4&SURFHVVZDVDSSOLHGIRUWKHLPSXWDWLRQGDWDRIWKH'&(*
/XQJ &DQFHU 6WXG\ UHVXOWLQJ LQ  FDVHV DQG  FRQWUROV ,Q WRWDO  FDVHV DQG
 FRQWUROV ZHUH DYDLODEOH IRU MRLQW DQDO\VHV$OO SDUWLFLSDQWV LQ WKLV VWXG\ VLJQHG DQ
LQIRUPHG FRQVHQW IRUP ZKLFK ZDV DSSURYHG E\ WKH ORFDO LQWHUQDO UHYLHZ ERDUGV RU HWKLFV
FRPPLWWHHV 
*HQRW\SHTXDOLW\FRQWURODQGVFUHHQLQJIRUWKHUHJXODWRU\YDULDQWV 
$FFRUGLQJ WR WKH GDWDEDVH UHOHDVHG E\ 0DXUDQR HW DO  619V LQ '+6 FRXOG
LQIOXHQFHWKHELQGLQJRIWUDQVFULSWIDFWRUV$VWULQJHQWTXDOLW\FRQWUROSURFHVVZDVDSSOLHG
WRWKHVHYDULDQWV,PSXWHG613VWKDWVDWLVILHGDQ\RIWKHIROORZLQJFULWHULDZHUHH[FOXGHG
SRRU TXDOLW\ ,1)2   JHQRW\SH FDOO UDWH   0$) 0LQRU$OOHOH )UHTXHQFLHV LQ
FRQWUROV+:(+DUG\:HLQEHUJ(TXLOLEULXPLQFDVHVîRU+:(LQFRQWUROV
î613VORFDWHGDW0+&UHJLRQIURPWR0ERQFKURPRVRPH1&%,%XLOG
1RQUHJXODWRU\YDULDQWV613VZLWK&$72FRQWH[WXDODQDO\VLVRIWUDQVFULSWLRQIDFWRU
RFFXSDQF\YDOXH1RQH613VYDULDQWVZLWKQRVLJQLILFDQWH47/VLJQDOV3
EDVHGRQ*7([YSGDWDEDVHLQOXQJWLVVXHV$VDUHVXOWUHJXODWRU\613VLQ'+6
ZHUHUHPDLQHGIRUWKHDVVRFLDWLRQDQDO\VLV7KHIORZFKDUWDQG4&SURFHVVRIWKLVVWXG\ZHUH
GHVFULEHGLQ)LJXUH6  
H47/DQGSDWKZD\HQULFKPHQWDQDO\VLV 
)RUUHYHDOLQJWKHUHJXODWRU\UHODWLRQVKLSVEHWZHHQRXULGHQWLILHG613VDQGWKHH[SUHVVLRQ
RIVXUURXQGLQJJHQHVZHSHUIRUPHGH47/DQDO\VLVEDVHGRQ*7([9SGDWDEDVHLQFOXGLQJ
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QRUPDOOXQJWLVVXHV)XUWKHUPRUHIRUWKHVHUHJXODWHGH47/JHQHVDQGKRVWJHQHVRIRXU
LGHQWLILHG613VZHDQDO\]HGWKHLUH[SUHVVLRQOHYHOVLQSDLUHGOXQJWXPRUQRUPDOWLVVXHV
XVLQJWKH7&*$GDWDEDVH7RH[SORUHWKHIXQFWLRQVDQGSDWKZD\VWKDWH47/JHQHVDQGKRVW
JHQHV HQULFKHG ZH FRQGXFWHG SDWKZD\ HQULFKPHQW DQDO\VLV EDVHG RQ *7([ GDWDEDVH DQG
'$9,'%LRLQIRUPDWLFV5HVRXUFHVZHEVLWH 
0RWLIEDVHGDQDO\VLV 
,QWKLVVWXG\ZHQRWRQO\H[DPLQHGWKHVHSDUDWHHIIHFWVRIVLQJOHJHQHWLFYDULDQWEXWDOVR
DLPHGWR LGHQWLI\OXQJFDQFHUUHODWHGPRWLIV WKURXJKHYDOXDWLQJWKHRYHUDOOHIIHFWVRIDOO WKH
613VLQHDFKUHVSHFWLYHPRWLI7KHVHTXHQFHNHUQHODVVRFLDWLRQWHVW6.$7SDFNDJHZDVXVHG
WRFDOFXODWHWKHMRLQWHIIHFWVRIJHQHWLFYDULDQWVORFDWHGLQWKHVDPHPRWLI6.$7LVD
SRZHUIXODSSURDFKWRLGHQWLI\SKHQRW\SHUHODWHGUHJLRQVIRUH[DPSOHJHQHVDQGRWKHUPRYLQJ
ZLQGRZVDFURVVWKHJHQRPHE\FRPELQLQJWKHHIIHFWVRIERWKFRPPRQDQGUDUHYDULDQWVLQWKH
VDPHUHJLRQ7KLVPHWKRGKDVEHHQZLGHO\DSSOLHGLQSUHYLRXVVWXGLHVDQGPXOWLSOHQRYHOWUDLW
UHODWHGJHQHVZHUHVXFFHVVIXOO\LGHQWLILHGLQFOXGLQJQRYHORQFRJHQHVLQOXQJFDQFHU
,QRXUVWXG\DOORIWKH613VZHUHDQQRWDWHGLQWRPRWLIVRQO\PRWLIVFRQWDLQLQJ
PRUHWKDQIRXU613VZHUHUHVHUYHG$JHJHQGHUDQGSULQFLSDOFRPSRQHQWVZHUHDGMXVWHG:H
XVHG%RQIHUURQLFRUUHFWLRQWRFRUUHFWIRUPXOWLSOHFRPSDULVRQV 
6WDWLVWLFDODQDO\VLV 
7KHDVVRFLDWLRQVEHWZHHQJHQHWLFYDULDQWVDQGOXQJFDQFHU ULVNZHUHHVWLPDWHGE\RGGV
UDWLRV25VDQGFRQILGHQFHLQWHUYDOV&,VXVLQJORJLVWLFUHJUHVVLRQDQDO\VLV$JH
JHQGHU DQG SULQFLSDO FRPSRQHQWV ZHUH WDNLQJ DV DGMXVWPHQWV ,Q 2QFR$UUD\ GDWDVHW WKH
SULQFLSDO FRPSRQHQW DQDO\VLV 3&$ ZDV SHUIRUPHG XVLQJ )ODVK3&$ DQG WKH ILUVW WKUHH
HLJHQYDOXHVZHUHDGMXVWHGDVFRYDULDWHV,Q'&(*GDWDVHW3OLQNZDVXVHGWRFDOFXODWH
WKHSULQFLSDOFRPSRQHQWVDQGWKHILUVWSULQFLSDOFRPSRQHQWZDVLQFOXGHGLQWRWKHUHJUHVVLRQ
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PRGHO )RU FRQWLQXRXV YDULDEOHV VWXGHQW¶V WWHVW HTXDOYDULDQFH DVVXPHG ZDV DGRSWHG WR
FRPSDUHWKHGLIIHUHQFHEHWZHHQFDVHVDQGFRQWUROVZKLOH)LVKHU¶VH[DFWWHVWZDVXVHGIRUWKH
FDWHJRULFDO YDULDEOHV *HQH GLIIHUHQWLDO H[SUHVVLRQ DQDO\VLV ZDV SHUIRUPHG XVLQJ SDLUHG
VWXGHQW¶VWWHVWEDVHGRQ7&*$GDWDEDVH7KH3HDUVRQ¶V&RUUHODWLRQPRGHOZDVDSSOLHGWRFDUU\
RXWJHQHFRH[SUHVVLRQDQDO\VLV:HXVHGPHWDDQDO\VLVWRFRPELQHWKHRYHUDOOHIIHFWVEHWZHHQ
WKH 2QFR$UUD\ GDWDVHW DQG WKH '&(* /XQJ &DQFHU 6WXG\ )RU YDULDQWV ZLWK 3 YDOXH RI
KHWHURJHQHLW\WHVWWKHIL[HGHIIHFWVPRGHOZDVDGRSWHGRWKHUZLVHWKHUDQGRPHIIHFWV
PRGHOZDVDSSOLHG  
$VVRFLDWLRQDQDO\VHVZHUHFRQGXFWHGXVLQJWKH6137(67YSDFNDJHDQGWKHRWKHU
DQDO\VHVZHUHSHUIRUPHGXVLQJ5VRIWZDUHYHUVLRQ7KH%RQIHUURQLFRUUHFWLRQZDVXVHG
WRDFFRXQWIRUPXOWLSOHFRPSDULVRQV 
 
5HVXOWV 
%DVLFLQIRUPDWLRQRIVWXG\SDUWLFLSDQWV 
7KHGHPRJUDSKLFFKDUDFWHULVWLFVDQGFOLQLFDO LQIRUPDWLRQRISDUWLFLSDQWVLQHDFKGDWDVHW
ZHUH VXPPDUL]HG LQ 7DEOH 6 %ULHIO\ D WRWDO RI  FDVHV DQG  FRQWUROV ZHUH
LQFOXGHG LQ WKLV VWXG\$PRQJ WKHVH FDVHV WKHUH ZHUH OXQJ VTXDPRXV FHOO FDUFLQRPD
6&&FDVHVDQGOXQJDGHQRFDUFLQRPD$'FDVHV7KHPHDQDJHIRU WKHVHFDVHVZDV
\HDUVROGDQG\HDUVIRUFRQWUROV 
$VVRFLDWLRQEHWZHHQUHJXODWRU\JHQHWLFYDULDQWVDQGOXQJFDQFHUULVN 
,Q WRWDO  UHJXODWRU\ JHQHWLF YDULDQWV LQ '+6 ZHUH DQDO\]HG XVLQJ D ORJLVWLF
UHJUHVVLRQPRGHO$PRQJWKHP613VZHUHVLJQLILFDQWO\3DVVRFLDWHGZLWKOXQJ
FDQFHUULVN LQ WKHVFUHHQLQJVWDJH)XUWKHURI613VZHUHYDOLGDWHG LQ WKH'&(*
/XQJ&DQFHU6WXG\7KHVH613VWKDWVKRZHGVLJQLILFDQWDVVRFLDWLRQZLWKWKHVXVFHSWLELOLW\
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RI OXQJ FDQFHU LQ WZR VWDJHV ZHUH UHPDLQHG IRU PHWDDQDO\VLV$V D FRQVHTXHQFH  613V
VKRZHGVWDWLVWLFDOO\VLJQLILFDQWDVVRFLDWLRQZLWKOXQJFDQFHUVXVFHSWLELOLW\DIWHUWDNLQJPXOWLSOH
FRPSDULVRQWHVWV%RQIHUURQLFRUUHFWLRQWKHFXWRIILV î7KH0DQKDWWDQ
SORWYDULDQWVUHVXOWIURPPHWDDQDO\VLVZDVVKRZQLQ)LJXUH7DEOHVKRZHGWKH
GHWDLOHGDVVRFLDWLRQEHWZHHQRXULGHQWLILHGVLJQLILFDQW613VDQGOXQJFDQFHUVXVFHSWLELOLW\ 
7ZRQRYHOLQGHSHQGHQWOXQJFDQFHUVXVFHSWLELOLW\YDULDQWVZHUHLGHQWLILHG 
)LYHRIHLJKWVLJQLILFDQW613VZHUHORFDWHGLQTDQGVKRZHGORZRUPHGLXP/'
ZLWKUVDQGUV7DEOH6ZKLFKKDYHEHHQUHSRUWHGLQSUHYLRXV*:$6
5VLQTZDVLQPHGLXP/'ZLWKSUHYLRXVO\UHSRUWHGUVU 
&RQGLWLRQDODQDO\VLVZDVIXUWKHUSHUIRUPHGWRHYDOXDWHWKHLQGHSHQGHQFHRIRXULGHQWLILHG
613V$VVKRZQLQ7DEOHILYH613VLQTZHUHQRWVLJQLILFDQWO\DVVRFLDWHGZLWKOXQJ
FDQFHUULVNDIWHUFRQGLWLRQLQJRQUVDQGUVLQ2QFR$UUD\GDWDVHW6LPLODUO\
ZKHQ FRQGLWLRQLQJ RQ UV DVVRFLDWLRQ EHWZHHQ UV DQG OXQJ FDQFHU
VXVFHSWLELOLW\ ZDV QRW VLJQLILFDQW DQ\ PRUH7KH VDPH UHVXOW ZDV REVHUYHG LQ '&(* /XQJ
&DQFHU6WXG\7KHVHUHVXOWVVXJJHVWHGWKDWILYH613VLQTDQGUVLQT
ZHUH QRW QRYHO OXQJ FDQFHU VXVFHSWLELOLW\ ORFL 5V LQ T VKRZHG QR /' ZLWK
UV U    (XURSHDQ SRSXODWLRQ  JHQRPHV GDWDEDVH ZKLFK KDV EHHQ
UHSRUWHGE\0F.D\-'HWDOVXJJHVWLQJWKDWUVZDVDQRYHOOXQJFDQFHUULVNYDULDQWLQ
WKLVUHJLRQ7KHSORFXVKDVQRWEHHQUHSRUWHGLQSUHYLRXVVWXG\7KHUHIRUHUV
LQT&!725 &,3 îDQGUVLQS7!&
25 &,3 îZHUHQRYHOOXQJFDQFHUVXVFHSWLELOLW\YDULDQWV 
6XEJURXSDQDO\VLV 
:HSHUIRUPHGVXEJURXSDQDO\VLVEDVHGRQ WKHKLVWRORJLF W\SHVRI OXQJFDQFHU$'DQG
6&&7KHVDPH4&SURFHVVDVGHVFULEHGDERYHZDVDSSOLHGLQWKHVXEJURXSDQDO\VLV,QWKH
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6&&VXEJURXSSRSXODWLRQZHGLGQRWREVHUYHDQ\QRYHOVLJQLILFDQWORFLWKDWVDWLVILHGPXOWLSOH
FRPSDULVRQ 1RWDEO\ LQ WKH$' VXEJURXS  FDVHV 	  FRQWUROV IRXU YDULDQWV
VKRZHGVLJQLILFDQWDVVRFLDWLRQZLWKWKHVXVFHSWLELOLW\RIOXQJDGHQRFDUFLQRPDUVLQ
T7!*25 &,3 hUVLQT$!&25
 &,3 hUVLQS&!725 &,
3 h UVLQT7!&25 &,3 
î 7DEOH 6 +RZHYHU DOO RI WKHP KDYH EHHQ UHSRUWHG RU VKRZHG KLJK /' ZLWK
SUHYLRXVO\ UHSRUWHGYDULDQWV LQSUHYLRXV VWXGLHV 7KHGHWDLOHG DVVRFLDWLRQ UHVXOWV LQ
VXEJURXSSRSXODWLRQVZHUHVKRZQLQ7DEOH6 
H47/DQDO\VLV 
,QWKHLQWHUHVWVRIH[SORULQJWKHDVVRFLDWLRQVEHWZHHQLGHQWLILHGVLJQLILFDQWYDULDQWVDQG
WKH H[SUHVVLRQ RI WKHLU VXUURXQGLQJ JHQHV f0E ZH FRQGXFWHG H47/ DQDO\VLV EDVHG RQ
*7([ GDWDEDVH$V VKRZQ LQ )LJXUH 6 DQG )LJXUH  WKH7 DOOHOH RI UV VKRZHG D
VLJQLILFDQWDVVRFLDWLRQZLWKLQFUHDVHGH[SUHVVLRQRI05*%3ȕ 3 1RWDEO\
WKHH[SUHVVLRQRI05*%3LQOXQJWXPRUWLVVXHVZDVVLJQLILFDQWO\KLJKHUWKDQWKDWLQSDLUHG
DGMDFHQWWLVVXHV7DEOH6XSUHJXODWHGLQDOOVDPSOHV3 î%HVLGHVWKH7DOOHOHRI
UVZDVVLJQLILFDQWO\DVVRFLDWHGZLWKWKHGRZQUHJXODWHGH[SUHVVLRQRI6506ȕ 
3 DQG&RUIȕ 3 6506ZDVVLJQLILFDQWO\HOHYDWHGLQOXQJ
WXPRU WLVVXHV 3   î ZKLOH WKH H[SUHVVLRQ RI &RUI LQ WXPRU WLVVXHV ZDV
GRZQUHJXODWHG 3   î )LJXUH 6 )RU UV ZH IRXQG WKDW & DOOHOH ZDV
DVVRFLDWHGZLWKLQFUHDVHGH[SUHVVLRQRI6/&$ȕ 3 )LJXUH	)LJXUH6
DVLJQLILFDQWXSUHJXODWHGJHQHLQOXQJWXPRUWLVVXHVXSUHJXODWHGLQRIVDPSOHV3 
î)LJXUH  
3DWKZD\HQULFKPHQWDQDO\VLV 
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7RH[SORUHWKHSRVVLEOHELRORJLFDOIXQFWLRQVDQGSRWHQWLDOSDWKZD\VWKDWH47/JHQHVDQG
KRVWJHQHVHQULFKHGZHFRQGXFWHGSDWKZD\HQULFKPHQWDQDO\VLVEDVHGRQ*7([GDWDEDVHDQG
'$9,'%LRLQIRUPDWLFV5HVRXUFHV$VVKRZQLQ7DEOH6DQG)LJXUH0$*,DQG37.
UHODWHG JHQHV ZHUH DEXQGDQW LQ PHWDEROLF UHODWHG SDWKZD\V VXFK DV 0HWDEROLF SDWKZD\V
3URSDQRDWH PHWDEROLVP &DUERQ PHWDEROLVP DQG VR RQ &RH[SUHVVLRQ JHQHV ZLWK 05*%3
ZHUHPDLQO\HQULFKHGLQVLJQDOLQJWUDQVGXFWLRQUHODWHGSDWKZD\VVXFKDV5DVVLJQDOLQJSDWKZD\
)ROGHQULFKPHQW 3 î0$3.VLJQDOLQJSDWKZD\)ROGHQULFKPHQW 3 
î1RWFKVLJQDOLQJSDWKZD\V)ROGHQULFKPHQW 3 îDQGVRRQ$OORI
WKHVHSDWKZD\VSOD\HGLPSRUWDQWUROHVLQFDUFLQRJHQHVLVSURFHVV&RH[SUHVVLRQJHQHV
ZLWK6/&$ZHUHHQULFKHGLQSURWHLQELRJHQHVLVRUSURWHLQSURFHVVLQJUHODWHGSDWKZD\VIRU
H[DPSOH3URWHLQSURFHVVLQJLQHQGRSODVPLFUHWLFXOXP)ROGHQULFKPHQW 3 î
5LERVRPHELRJHQHVLVLQHXNDU\RWHV)ROGHQULFKPHQW 3 î9DOLQHOHXFLQHDQG
LVROHXFLQHGHJUDGDWLRQ)ROGHQULFKPHQW 3 î$OOWKHVHSDWKZD\VSDUWLFLSDWHG
LQ WKH ELRJHQHVLV DQG SURFHVVLQJ RI SURWHLQV DEHUUDQW FKDQJHV LQ WKHVH SDWKZD\V PLJKW
LQIOXHQFHWKHQRUPDOIXQFWLRQVRIVSHFLILFSURWHLQV 
0RWLIEDVHGDQDO\VLV 
7RLQYHVWLJDWHWKHRYHUDOOHIIHFWVRIPRWLIVRQOXQJFDQFHUULVNZHPDSSHGJHQHWLFYDULDQWV
WRWKHFRUUHVSRQGLQJPRWLIVDQGSHUIRUPHGPRWLIEDVHG6.$7DQDO\VLV,QWRWDOWKHUHZHUH
PRWLIVZLWKPRUHWKDQIRXUJHQHWLFYDULDQWV$VVKRZQLQ7DEOHPRWLIVVKRZHGVLJQLILFDQW
DVVRFLDWLRQ ZLWK OXQJ FDQFHU ULVN DW WKH %RQIHUURQL VLJQLILFDQFH OHYHO RI 3  h
$PRQJWKHPPRWLI-'3BE=,3BZDVWKHPRVWVLJQLILFDQWRQH3 h
DQGYDULDQWVFRPPRQYDULDQWVDQGUDUHYDULDQWVZHUHFRQWDLQHG7KLVPRWLIZDV
WKHVSHFLILFELQGLQJVLWHVRIWUDQVFULSWLRQIDFWRU-'3ZKLFKZDVWKHPHPEHURIWKHDFWLYDWRU
SURWHLQ$3IDPLO\)RUWKHRWKHUPRWLIVDOORIWKHPZHUHWKHELQGLQJVLWHVRIVSHFLILF7)V
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VXFKDV581;%$&+&(%3%DQGVRRQ2XUILQGLQJVVXJJHVWHGWKDWVLJQLILFDQWPRWLIV
DQGWKHLUFRUUHVSRQGLQJ7)VPLJKWSOD\LPSRUWDQWUROHVLQWKHFDUFLQRJHQHVLVRIOXQJFDQFHU 
'LVFXVVLRQ 
'+6 UHJLRQ FRQWDLQV YDULRXV UHJXODWRU\ HOHPHQWV DQG JHQHWLF YDULDQWV LQ '+6 PD\
UHJXODWHWKHH[SUHVVLRQRIVXUURXQGLQJJHQHV7KHUHIRUHJHQHWLFYDULDQWVLQWKLVUHJLRQFRXOG
SOD\LPSRUWDQWUROHVLQWKHGHYHORSPHQWRIFDQFHU)RUOXQJFDQFHUPDQ\YDULDQWVUHSRUWHGE\
*:$6ZHUHORFDWHGLQ'+6VXFKDVUVSUVTUV
TDQGVRRQ,QWKHFXUUHQWVWXG\ZHFRPSUHKHQVLYHO\HYDOXDWHGWKHUHODWLRQVKLSV
EHWZHHQUHJXODWRU\YDULDQWVLQ'+6DQGOXQJFDQFHUULVNXVLQJOXQJFDQFHUFDVHVDQG
FRQWUROVIURP&DXFDVLDQSRSXODWLRQ:HVXFFHVVIXOO\LGHQWLILHGWZRQRYHOOXQJFDQFHU
ULVNORFLUVLQTDQGUVLQS 
613UVZDVORFDWHGLQTDQGFRQWDLQHGLQWKHELQGLQJVLWHRIWUDQVFULSWLRQ
IDFWRU&(%3%7KH&$72VFRUHRIUVZDVVXJJHVWLQJWKDWWKLVYDULDQWFRXOGGLVWXUE
WKHELQGLQJRI&(%3%7KHVDPHUHVXOWZDVREVHUYHGLQ-$63$5GDWDEDVH)LJXUH6
*HQRW\SHVRIWKLVYDULDQWVKRZHGVLJQLILFDQWDVVRFLDWLRQZLWKWKHH[SUHVVLRQRI05*%3
6506DQG&RUI7KH6506JHQHHQFRGHVDQRQUHFHSWRUW\URVLQHNLQDVHDQGSDUWLFLSDWHV
LQ WKH FHOO GLIIHUHQWLDWLRQ 7R GDWH VWXGLHV DERXW WKH IXQFWLRQV DQG UROHV RI6506 DQG
&RUILQWKHWXPRULJHQHVLVZHUHOLPLWHG7KH05*%3DOVRNQRZQDV&RUIZDVWKH
FRPSRQHQWRI1X$KLVWRQHDFHW\OWUDQVIHUDVHFRPSOH[DQGSDUWLFLSDWHGLQWKHWUDQVFULSWLRQDO
DFWLYDWLRQ RI WDUJHW JHQHV  6HYHUDO VWXGLHV LQGLFDWHG WKDW 05*%3 ZDV VLJQLILFDQWO\
XSUHJXODWHGLQFRORUHFWDOFDQFHUWLVVXHVDQGNQRFNGRZQ05*%3FRXOGLQKLELWSUROLIHUDWLRQRI
FRORUHFWDO FDQFHU FHOOV  6$ :DWW DQG FROOHDJXHV IRXQG WKDW 05*%3 ZDV 
RYHUH[SUHVVHGLQFXWDQHRXVVTXDPRXVFHOOFDUFLQRPDFHOOVDQGNQRFNGRZQRI05*%3UHVXOWHG
LQ UHGXFHG WXPRU FHOO YLDELOLW\  )XUWKHUPRUH WKH\ UHYHDOHG WKDW 05*%3 VL51$
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NQRFNGRZQFRXOGUHGXFHWXPRUJURZWKLQYLYRVXJJHVWLQJWKDW05*%3FRXOGEHWKHSRWHQWLDO
WKHUDSHXWLFWDUJHWVIRUFXWDQHRXVVTXDPRXVFHOOFDUFLQRPD,QDGGLWLRQXSUHJXODWHGH[SUHVVLRQ
RI 05*%3 ZDV DOVR REVHUYHG LQ SDQFUHDWLF GXFWDO DGHQRFDUFLQRPD SURVWDWH FDQFHU DQG
FHUYLFDO FDQFHU FHOOV  $OO WKHVH VWXGLHV VXJJHVWHG WKDW 05*%3 IXQFWLRQHG DV DQ
RQFRJHQH WKDWFRXOGSURPRWH WKH WXPRULJHQHVLV&RQVLVWHQWZLWKSUHYLRXVVWXGLHVZHIRXQG
WKDW05*%3ZDVHOHYDWHGLQDOOOXQJWXPRUWLVVXHVVXJJHVWLQJWKDW05*%3FRXOGSOD\
VLPLODUUROHLQWKHSURJUHVVLRQRIOXQJWXPRULJHQHVLV3DWKZD\HQULFKPHQWDQDO\VLVLQGLFDWHG
WKDWFRH[SUHVVLRQJHQHVZLWK05*%3ZHUHVLJQLILFDQWO\HQULFKHG LQVLJQDOLQJ WUDQVGXFWLRQ
UHODWHG SDWKZD\V VXFK DV 5DV VLJQDOLQJ SDWKZD\ 0$3. VLJQDOLQJ SDWKZD\ DQG 1RWFK
VLJQDOLQJSDWKZD\7KHULVN7DOOHOHRIUVZDVVLJQLILFDQWO\DVVRFLDWHGZLWKXSUHJXODWHG
H[SUHVVLRQRI05*%3 VXJJHVWLQJ WKDW UV PLJKW UHJXODWH WKHH[SUHVVLRQRI05*%3
+LJKOLJKWLQJ WKHVH HYLGHQFHV ZH VSHFXODWHG WKDW UV FRXOG PRGLI\ OXQJ FDQFHU ULVN
WKURXJKUHJXODWLQJWKHH[SUHVVLRQRI05*%3E\LQIOXHQFLQJWKHELQGLQJRI7)&(%3% 
613UVZDVORFDWHGLQSDQGLQWKHILUVWLQWURQRI0$*,ZKLFKHQFRGHVWKH
PHPEUDQHDVVRFLDWHGJXDQ\ODWHNLQDVH7KH&DOOHOHRIUVZDVQRWDVVRFLDWHGZLWK
WKH H[SUHVVLRQ RI 0$*, EXW VKRZHG VLJQLILFDQW DVVRFLDWLRQ ZLWK LQFUHDVHG H[SUHVVLRQ RI
6/&$ 7KH 6/&$ ZDV D PHPEHU RI VROXWH FDUULHU IDPLO\  DQG HQFRGHG D
PRQRFDUER[\ODWHWUDQVSRUWHU0&7WKDWPHGLDWHGWKHWUDQVSRUWRIODFWDWHDQGS\UXYDWH
,Q DGGLWLRQ 6/&$ SDUWLFLSDWHG LQ D YDULHW\ RI ELRORJLFDO SURFHVVHV LQFOXGLQJ HQHUJ\
PHWDEROLVPDFWLYDWLRQRI7O\PSKRF\WHVVSHUPDWRJHQHVLVGUXJPHWDEROLVPDQGVRRQ
0DQ\ VWXGLHV KDYH UHYHDOHG WKDW 0&7 FRXOG LQIOXHQFH WKH VHQVLWLYLW\ RI WXPRU FHOOV IRU
DQWLWXPRU GUXJV VXJJHVWLQJ WKDW WKH H[SUHVVLRQ RI 0&7 FRXOG LQIOXHQFH WKH SURJQRVLV RI
SDWLHQWV ZLWK FDQFHUV  +RZHYHU OLPLWHG VWXGLHV ZHUH DYDLODEOH DERXW WKH UROHV WKDW
6/&$SOD\HGLQWKHGHYHORSPHQWRIPDOLJQDQWWXPRUV)DQJ-HWDOIRXQGWKDW6/&$
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ZDV XSUHJXODWHG LQ QHXUREODVWRPD DQG FRXOG EH D SRWHQWLDO WKHUDSHXWLF WDUJHW IRU KLJKULVN
QHXUREODVWRPD/L..DQGFROOHDJXHVUHYHDOHGWKDW6/&$ZDVVLJQLILFDQWO\HOHYDWHG
LQ PHGXOOREODVWRPD DQG NQRFNGRZQ RI 6/&$ E\ VL51$ LQGXFHG FHOO GHDWK LQ
PHGXOOREODVWRPDFHOOV,QOXQJFDQFHUXSUHJXODWHG6/&$H[SUHVVLRQZDVREVHUYHGDQG
LQFUHDVHGH[SUHVVLRQRI6/&$ZDVDVVRFLDWHGZLWKSRRUHUSURJQRVLVRISDWLHQWVZLWKOXQJ
DGHQRFDUFLQRPD,QWKHSUHVHQWVWXG\ZHIXUWKHUIRXQGWKDW6/&$ZDVVLJQLILFDQWO\
HOHYDWHGLQOXQJWXPRUWLVVXHV%DVHGRQWKHVHILQGLQJVUVPLJKWLQIOXHQFHOXQJFDQFHU
VXVFHSWLELOLW\WKURXJKUHJXODWLQJWKHH[SUHVVLRQRI6/&$  
$SDUW IURP WKLV RXU PRWLIEDVHG 6.$7 DQDO\VLV GLVFRYHUHG WHQ PRWLIV VLJQLILFDQWO\
DVVRFLDWHGZLWKOXQJFDQFHUULVN2IWKHVHPRWLIV-'3EHORQJHGWRWKHFRPSRQHQWRI$3
WUDQVFULSWLRQIDFWRUDQGLQYROYHGLQDYDULHW\RIWUDQVFULSWLRQDOUHVSRQVHVVXFKDV89LQGXFHG
DSRSWRVLVFHOOGLIIHUHQWLDWLRQDQG WXPRULJHQHVLV3UHYLRXVVWXGLHVKDYHVXJJHVWHG WKDW-'3
FRXOGDFWDVDWXPRUVXSSUHVVRU+RZHYHUWKHIXQFWLRQDQGUROHRI-'3LQOXQJFDQFHU
ZDV VWLOO XQFOHDU DQG PRUH VWXGLHV DUH ZDUUDQWHG )RU WKH RWKHU PRWLIV WKHLU FRUUHVSRQGLQJ
WUDQVFULSWLRQ IDFWRUV VXFK DV &(%3% 581; DQG %$&+ SOD\HG LPSRUWDQW UROHV LQ WKH
GHYHORSPHQWRIWXPRULJHQHVLV0RUHIXQFWLRQDOVWXGLHVDUHQHHGHGWRUHYHDOWKHLUUROHV
LQOXQJFDQFHU 
%HVLGHVRXUILQGLQJVWKHUHDUHVHYHUDOOLPLWDWLRQVQHHGWREHFRQVLGHUHG)LUVWWKLVDQDO\VLV
ZDVSHUIRUPHGEDVHGRQWKHDQQRWDWLRQUHVXOWVIURPPXOWLSOHWLVVXHVDQGFHOOVEHFDXVHRIWKH
OLPLWHGQXPEHURIUHJXODWRU\YDULDQWVLQ'+6LQ$FHOO6HFRQGIRURXULGHQWLILHGQRYHO
YDULDQWVZHVSHFXODWHGWKHLUSRWHQWLDOWDUJHWJHQHVDQGSRVVLEOHPHFKDQLVPVMXVWUHO\LQJRQWKH
ELRLQIRUPDWLFDQDO\VLV)XQFWLRQDODVVD\VDUHZDUUDQWHGWRYDOLGDWHRXUILQGLQJV 
,QFRQFOXVLRQZHV\VWHPDWLFDOO\VFUHHQHGWKHUHJXODWRU\YDULDQWVLQ'+6DQGWZRYDULDQWV
ZHUH LGHQWLILHG DVVRFLDWHG ZLWK OXQJ FDQFHU ULVN )RU WKH PHFKDQLVP XQGHUO\LQJ WKHVH
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REVHUYDWLRQV ZH VSHFXODWHG WKDW WKHVH 613V FRXOG PRGLI\ OXQJ FDQFHU VXVFHSWLELOLW\ E\
UHJXODWLQJUHODWHGJHQHVH[SUHVVLRQ7KHVHILQGLQJVFRQWULEXWHWRDEHWWHUXQGHUVWDQGLQJRIWKH
LPSRUWDQFHRIJHQHWLFYDULDQWVLQ'+6DQGWKHLUSRWHQWLDOPHFKDQLVPV 
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 0DULJR , HW DO 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)LJXUH/HJHQGV 
 
)LJXUH7KHPDQKDWWDQSORWRIDVVRFLDWLRQVEHWZHHQUHJXODWRU\YDULDQWV LQ'+6DQG
OXQJFDQFHUULVN  
7KHEODFNVROLGOLQHUHSUHVHQWHGWKH3YDOXHRIîILYH613VZHUHORFDWHGLQT
WKHRWKHUWKUHH613VZHUHORFDWHGLQSUVTUVDQGT
UV 
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)LJXUH5HODWLRQVKLSVEHWZHHQJHQRW\SHVRIRXULGHQWLILHG613VDQGWKHH[SUHVVLRQRI
VXUURXQGLQJJHQHVDQGGLIIHUHQWLDOH[SUHVVLRQRIWKHVHJHQHV  
$5VZDVVLJQLILFDQWO\DVVRFLDWHGZLWKWKHH[SUHVVLRQRI05*%3EDVHGRQ*7([YS
GDWDEDVH QRUPDO OXQJ WLVVXHV %7KH05*%3ZDV HOHYDWHG LQ DOO  WXPRU WLVVXHV
FRPSDUHG ZLWK DGMDFHQW OXQJ WLVVXHV EDVHG RQ 7&*$ GDWDEDVH & 5V VKRZHG
VLJQLILFDQW DVVRFLDWLRQ ZLWK 6/&$ H[SUHVVLRQ EDVHG RQ *7([ YS GDWDEDVH ' 7KH
6/&$ZDVVLJQLILFDQWO\XSUHJXODWHGLQOXQJWXPRUWLVVXHVEDVHGRQ7&*$GDWDEDVH 
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)LJXUH5HVXOWVRI.(**SDWKZD\HQULFKPHQWDQDO\VLV  
$&RH[SUHVVLRQJHQHVZLWK37.ZHUHPDLQO\HQULFKHGLQPHWDEROLFUHODWHGSDWKZD\V7KH
QXPEHU LQ WKH ULJKWRIEDUFKDUW UHSUHVHQWHG WKH IROGHQULFKPHQW LQHDFKSDWKZD\ %&R
H[SUHVVLRQ JHQHV ZLWK 05*%3 ZHUH PDLQO\ HQULFKHG LQ VLJQDOLQJ WUDQVGXFWLRQ UHODWHG
SDWKZD\V & &RH[SUHVVLRQ JHQHV ZLWK 0$*, ZHUH PDLQO\ HQULFKHG LQ PHWDEROLF DQG
ELRV\QWKHVLVRISURWHLQVUHODWHGSDWKZD\V'&RH[SUHVVLRQJHQHVZLWK6/&$ZHUHPDLQO\
HQULFKHGLQSDWKZD\VRIELRV\QWKHVLVDQGSURFHVVRISURWHLQV&RH[SUHVVLRQJHQHVZLWK6506
ZHUHHQULFKHGLQPHWDEROLFSDWKZD\V 
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7DEOH$VVRFLDWLRQVEHWZHHQRXULGHQWLILHGVLJQLILFDQW613VLQ'+6DQGOXQJFDQFHUVXVFHSWLELOLW\ 
Characteristics  OncoArray  DCEG GWAS  Meta 
Cytoband SNP Gene CATO a E/R b  OR(95%CI) c P  OR(95%CI) d P  OR(95%CI) e P_fixed 
15q25.1 rs4886592 
CHRNA5-
CHRNA3-
CHRNB4 
0.383 C/T  1.13(1.09-1.16) 2.92×10-13  1.15(1.05-1.25) 2.54×10-3  1.13(1.09-1.16) 3.04×10-15 
15q25.1 rs4886982 
CHRNA5-
CHRNA3-
CHRNB4 
0.106 G/A  1.11(1.07-1.14) 9.12×10-9  1.10(1.00-1.21) 3.97×10-2  1.11(1.07-1.14) 1.04×10-9 
15q25.1 rs7182694 
CHRNA5-
CHRNA3-
CHRNB4 
0.186 T/C  1.11(1.07-1.15) 2.13×10-8  1.10(1.00-1.21) 4.30×10-2  1.11(1.07-1.15) 2.63×10-9 
15q25.1 rs76412132 
CHRNA5-
CHRNA3-
CHRNB4 
0.183 T/C  1.11(1.07-1.15) 8.12×10-8  1.11(1.01-1.22) 2.45×10-2  1.11(1.07-1.14) 6.03×10-9 
15q25.1 rs76681511 
CHRNA5-
CHRNA3-
CHRNB4 
0.166 T/C  1.11(1.07-1.15) 8.12×10-8  1.11(1.01-1.22) 2.45×10-2  1.11(1.07-1.14) 6.03×10-9 
19q13.2 rs12459249 CYP2A6 0.168 C/T  1.10(1.06-1.13) 1.14×10-7  1.17(1.07-1.28) 9.58×10-4  1.11(1.07-1.14) 9.44×10-10 
20q13.33 rs186332 PTK6 0.149 T/C  1.15(1.08-1.22) 7.96×10-6  1.24(1.02-1.52) 2.96×10-2  1.17(1.10-1.24) 8.45×10-7 
1p13.2 rs4839323 MAGI3 0.164 C/T  0.92(0.89-0.96) 1.23×10-5  0.90(0.81-0.99) 2.48×10-2  0.92(0.89-0.95) 1.02×10-6 
D7KH&$72FRQWH[WXDODQDO\VLVRIWUDQVFULSWLRQIDFWRURFFXSDQF\VFRUH613VZLWK&$72KDYHKLJKHUSRVVLELOLW\WRLQIOXHQFHWKHELQGLQJVRIWUDQVFULSWLRQIDFWRUV 
E(5(IIHFWDOOHOHDQGUHIHUHQFHDOOHOHF$JHJHQGHU3&$3&$DQG3&$ZHUHDGMXVWHGLQ2QFR$UUD\GDWD 
G$JHJHQGHUDQG3&$ZHUHDGMXVWHGLQ'&(**:$6H0HWDDQDO\VLVWKHIL[HGHIIHFWPRGHOZDVXVHGWRFRPELQHWKHUHVXOWVEHWZHHQWKHVHWZRGDWDVHWV 
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7DEOH$VVRFLDWLRQVEHWZHHQVLJQLILFDQW613VDQGOXQJFDQFHUULVNDIWHUFRQGLWLRQLQJRQWKH*:$6UHSRUWHGYDULDQWVLQTDQGT 
Dataset SNP Cytoband E/R c 
Condition on rs55781567 d  Condition on rs4886591 d  Condition on rs56113850 e 
OR(95%CI) P  OR(95%CI) P   OR(95%CI) P 
OncoArray a 
rs4886592 15q25.1 C/T 1.00(0.97-1.04) 0.856  0.93(0.86-1.01) 0.095   / / 
rs4886982 15q25.1 G/A 0.98(0.94-1.02) 0.352  1.01(0.96-1.05) 0.803   / / 
rs7182694 15q25.1 T/C 1.05(1.01-1.09) 0.008  1.03(0.99-1.08) 0.124   / / 
rs76412132 15q25.1 T/C 1.05(1.01-1.09) 0.007  1.04(0.99-1.08) 0.100   / / 
rs76681511 15q25.1 T/C 1.05(1.01-1.09) 0.007  1.04(0.99-1.08) 0.100   / / 
rs12459249 19q13.2 C/T / /  / /  0.99(0.93-1.05) 0.661  
DCEG b 
rs4886592 15q25.1 C/T 1.01(0.91-1.12) 0.840   1.02(0.85-1.21) 0.853   / / 
rs4886982 15q25.1 G/A 0.97(0.88-1.08) 0.633   1.01(0.91-1.13) 0.814   / / 
rs7182694 15q25.1 T/C 1.05(0.95-1.15) 0.319   1.03(0.93-1.15) 0.527   / / 
rs76412132 15q25.1 T/C 1.06(0.96-1.17) 0.221   1.05(0.95-1.16) 0.367   / / 
rs76681511 15q25.1 T/C 1.06(0.96-1.17) 0.221   1.05(0.95-1.16) 0.367   / / 
rs12459249 19q13.2 C/T / /  / /  1.00(0.88-1.13) 0.968  
D$JHJHQGHU3&$3&$DQG3&$ZHUHDGMXVWHGLQ2QFR$UUD\GDWD 
E$JHJHQGHUDQG3&$ZHUHDGMXVWHGLQ'&(**:$6 
F(5(IIHFWDOOHOHVDQGUHIHUHQFHDOOHOHV 
G5VDQGUVLQTZHUHUHSRUWHGLQSUHYLRXVVWXG\30,' 
H5VLQTZDVUHSRUWHGLQSUHYLRXVVWXG\30,'DQG 
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7DEOH$VVRFLDWLRQVEHWZHHQVLJQLILFDQWPRWLIVDQGOXQJFDQFHUULVNXVLQJPRWLIEDVHG6.$7DQDO\VLV 
Motif N_All a N_Test b N_Rare c N_Common d P P_Bonferroni e 
JDP2_bZIP_1 397 397 92 305 2.55×10-7 7.44×10-5 
RUNX2_RUNX_3 359 359 67 292 4.88×10-6 1.42×10-3 
V_BACH1_01 475 475 78 397 3.00×10-5 8.77×10-3 
V_AML1_Q4 507 507 98 409 3.20×10-5 9.33×10-3 
CEBPB_bZIP_1 1362 1362 243 1119 3.75×10-5 1.10×10-2 
NFIX_NFI_4 737 737 151 586 5.42×10-5 1.58×10-2 
V_NRF2_Q4 264 264 52 212 8.06×10-5 2.35×10-2 
V_E2A_Q6 170 170 31 139 1.32×10-4 3.86×10-2 
CREB5_bZIP_1 994 994 184 810 1.41×10-4 4.13×10-2 
MA0136.1-ELF5 376 376 70 306 1.52×10-4 4.45×10-2 
D7RWDOQXPEHURI613VORFDWHGLQHDFKPRWLI 
E7RWDOQXPEHURI613VLQFOXGHGLQWKHWHVW 
F7RWDOQXPEHURIUDUHJHQHWLFYDULDQWV0$)FRQWDLQHGLQWKHWHVW 
G7RWDOQXPEHURIFRPPRQ613VFRQWDLQHGLQWKHWHVW 
H7KH3YDOXHDIWHUWDNLQJ%RQIHUURQLFRUUHFWLRQPRWLIV 
 
